Background: How to decide the proper time to do laparotomies for acute appendicitis patients is sometimes very difficult, especially in areas with no imaging diagnostic tools. The Alvarado scoring system (ASS) is a convenient and inexpensive decision making tool; however, its accuracy needs to be improved. The decision tree is the most frequently used data mining technology for diagnostic model building. This study used a decision tree to modify the ASS and to prioritize the variables. Methods: We collected 532 patients who underwent appendectomy. Patients who had undergone incidental appendectomy were excluded from the study. The decision tree algorithm was constructed with the data mining workbench Clementine version 8.1. It is a top-down algorithm designed to generate a decision tree model with entropy. The algorithm chooses the best decision node with which to separate different classes from empirical data. The Wilcoxon signed rank test, Student t test and χ 2 test were used for statistical analysis.
Introduction
Acute appendicitis is one of the most common surgical emergencies, with a worldwide incidence ranging from 75 to 120 per 100,000 population per year; however, it is often misdiagnosed. [1] [2] [3] [4] [5] Normal appendices are frequently found during laparotomy if only a few symptoms/signs of acute appendicitis are observed.
Unfortunately, some patients with acute appendicitis are not diagnosed until peritonitis or other severe complications occur because their surgeons were waiting for more evidence of acute appendicitis. These patients have higher mortality and morbidity than patients who are diagnosed in a timely manner. 2, [6] [7] [8] Deciding on when is the optimal time to perform laparotomy is important but sometimes difficult.
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There are several appendicitis scoring systems that help surgeons to make this decision; most are based on symptoms, signs and laboratory data. The Alvarado scoring system (ASS) is a simple scoring system for diagnosing appendicitis. 9 This scoring system includes 8 variables: 3 symptoms, 3 signs and 2 laboratory data, and is used in many countries and hospitals because of its ease of use, especially in areas with no imaging diagnostic tools. Although it is very convenient to use in clinical diagnosis, there are controversial conclusions with regard to its accuracy. 7, 10, 11 Hallan et al modified the ASS by adding some inflammatory factors, 12 but these laboratory studies would increase the health care costs.
Some acute abdominal pain diagnostic models have also been constructed, including Bayesian statistic models, discrimination rule, logistic regression and neural networks. The sensitivities of these models range from 55% to 99%. [13] [14] [15] Although most of the diagnostic models have a high sensitivity and specificity, they require computer aids and are not very convenient to use because of their complexity. Some researchers have combined the scoring systems and imaging studies or used only ultrasound or computed tomography as tools for acute appendicitis diagnosis. 6, [16] [17] [18] [19] [20] [21] But the diagnostic accuracy of imaging studies remain controversial.
A decision tree is a model of data that encodes the distribution of the class attributes in terms of the predictor attributes. 22, 23 The success of a decision tree algorithm can also be measured at the level of meaningfulness. Tanner et al 24 used decision tree for the diagnosis and outcome of dengue fever; the sensitivity and specificity was relatively satisfactory. Frey et al 25 discovered prognostic molecular markers of lung cancer using a decision tree algorithm. Constructed decision trees are simple models for diagnosis based on empirical data, 26, 27 and convenient to use. This study modified the ASS with decision tree technology and constructed a convenient and accurate decision support model for acute appendicitis diagnosis and timing of laparotomy.
Methods
We retrospectively collected patients who underwent appendectomy between January 1, 1999 and June 30, 2004 at a 600-bed general hospital in northern Taiwan. All data were confirmed by 2 gastrointestinal surgeons. Patients in whom laparotomies were performed for reasons other than appendicitis, such as acute cholecystitis or diverticulitis, were excluded. Patients in whom appendectomies were performed during routine cesarean section and patients with incidental findings of acute appendicitis were also excluded. Normal appendectomy was defined as the removal of an appendix that did not have any pathological abnormalities.
There were 532 patients (327 men, 205 women) included in this study. All Alvarado score-related data from patients were collected. The patient data analyzed in this study included age, sex, length of hospital stay, presence or absence of migratory pain, anorexia, nausea/vomiting, right lower quadrant (RLQ) tenderness, and rebound pain. The body temperature at admission, white blood cell count (WBC), and differential count were also analyzed.
C5.0 is a series of decision tree models constructed by Quinlan. 22, 23 It is a top-down algorithm designed to generate a decision tree model for diagnosis. The algorithm chooses the best decision node with which to separate different classes from empirical data. 25 The main induction loop of the decision tree is shown below. The decision tree in this research was built using the C5.0 component of the workbench Clementine version 8.1 (SPSS Inc., Chicago, IL, USA). The Wilcoxon signed rank test, Student t test and χ 2 test were used to analyze the data of patients and the accuracies between old and new diagnostic models. Statistical significance was defined as p < 0.05.
Results
Among the 532 patients enrolled in this study, 340 (63.91%) had acute appendicitis, 80 (15.04%) had perforated appendicitis and 112 (21.05%) had normal appendix. There was no significant difference in age between the patients with normal appendix (mean age, 29.9 years) and those with acute appendicitis (mean age, 31.9 years; p = 0.264). Women with perforated appendicitis (mean age, 47.8 years) were significantly older than men with perforated appendicitis (mean age, 32.5 years; p < 0.001). Women with acute appendicitis (mean age, 35.2 years) were also significantly older than men with acute appendicitis (mean age, 29.7 years; p < 0.001). However, there was no significant difference in age between men and women with normal appendix (p = 0.617; Table 1 ).
Patients with normal appendix had lower Alvarado scores (mean score, 5.81) than patients with acute appendicitis (mean score, 6.84) and those with perforated appendicitis (mean score, 6.99; p < 0.001); however, there was no significant difference in scores between patients with acute appendicitis and those with perforated appendicitis (p = 0.348). The duration of hospital stay was significantly longer for patients with perforated appendix (8.08 days) than for the other groups of patients (p < 0.001; Table 1 ).
All patients presented with RLQ tenderness. Migrating pain, nausea/vomiting, WBC > 10,000/dL (leukocytosis) and neutrophil count > 75% were all significantly more frequent in acute appendicitis patients than in patients with normal appendix (p < 0.001). However, anorexia (p = 0.239), rebound abdominal pain (p = 0.170), and body temperature > 37.5°C (p = 0.069) on admission were less frequently encountered in patients with acute appendicitis than in those with normal appendix (Table 2) .
Decision tree is a classification structure in which the leaf nodes are the class attributes and the branches represent conjunctions of features that lead to those classifications. These class attributes are the attributes that need to be predicted. 18, 19 Decision trees can be compared and evaluated on the basis of predictive accuracy, speed, robustness and flexibility. Predictive ability is the correct prediction of class attribute for unseen data. Speed deals with the computational cost involved in generating and predicting test data. Robustness is the ability to make correct decisions if noisy data or data with missing attributes are provided. Flexibility deals with the creation of an efficient tree even if large amounts of data are given. In this study, 3 decision levels and 6 leaf nodes were found. The results are shown in Figure 1 .
Although the ASS could be used to make good decisions for laparotomies when ASS score > 6, it was not good enough when ASS score ≤ 6. Also, the ASS treated all diagnostic attributes equally. For example, it gives the same score if neutrophil count > 75% or body 
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Decision tree for acute appendicitis diagnosis temperature > 37.5°C. But in our study, neutrophil count > 75% was found to be more important than body temperature > 37.5°C for the diagnosis of acute appendicitis. The results of our decision tree were readjusted by the priority of attributes. Because 100% of acute appendicitis patients will have RLQ tenderness, the new decision model for the diagnosis of acute appendicitis treated RLQ tenderness as an inclusion criterion. Patients can be managed with observation if they do not have RLQ tenderness. Laparotomy is indicated in patients with Alvarado score > 6 and Alvarado score ≤ 6 with the presentation of migratory pain. Laparotomy is also indicated in patients with both Alvarado score ≤ 6 and no migrating pain if laboratory data reveal a neutrophil count > 75% (Figure 2 ).
The sensitivity and the specificity of the new flow chart were 0.945 and 0.805, respectively.
Discussion
Kalan et al 28 modified the ASS by removing the neutrophil count from the model; however, we found that neutrophil count is a very important factor in evaluating patients with acute appendicitis (p < 0.001). It should not be excluded from the ASS. The new decision model modified the ASS and used patients' symptoms/signs to aid the decision for laparotomy. RLQ tenderness became an inclusion criterion in this flow chart. Migrating tenderness and neutrophil count > 75% are decision nodes following the total Alvarado score result. The new decision model is more accurate than the ASS alone (p < 0.001). Different from CHAID (χ 2 automatic interaction detector), the methodology of C5.0 is based on the entropy change to leaf nodes. It will choose the best nodes top-to-bottom. 22, 23 Although the criteria of nausea/vomiting and WBC > 10,000/dL were significant between acute appendicitis and normal appendix, there was no significant contribution of entropy change below the "neutrophil count > 75%" nodes in the model in C5.0. So they were erased from the decision tree model. But they still play a very important role in this new model. This study found that female patients with acute appendicitis (including perforated appendicitis) were older than male patients with acute appendicitis (p < 0.001); however, there was no significant sex predominance among patients with normal appendices. We also found that age was a risk factor for perforated appendicitis.
This finding might be due to the delayed presentation of symptoms and signs in older patients. Some researchers have found that age and sex are risk factors for acute appendicitis and perforated appendix. [29] [30] [31] [32] Further studies need to be conducted to investigate why older women are at higher risk for acute appendicitis.
Perforated appendicitis is associated with increased treatment cost. The duration of hospitalization was significantly longer for patients with perforated appendicitis than for those with non-perforated appendicitis (p < 0.001). The mean length of hospital stay for ruptured appendicitis (8.08 days) was significant longer than that for normal appendix (4.64 days) and acute appendicitis (4.66 days; p < 0.001). Unfortunately, there was no significant ASS score difference between patients with acute appendicitis and perforated appendicitis (p = 0.348). Further research for improving the accuracy rate of diagnosing ruptured appendicitis at an early stage is important as it would reduce hospital costs for appendicitis patients. 
